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Summary

Measurements-of drag were made on fittings taken from a

typical fuselage to determine Whether the difference between .

the observed full size fuselage drag and model fuselage drag ,=_

could be attributed to the effects of fittings ad surface ir- ___.

regularities.found on the full size fuselage and not on the

model.

There are wide variations in tfiedr% coefficients for the

different fittings. In general those which protrude little

from the surface or are well streamlined show very low and al-.

most negligible drag. The measurements show, howeyer, that a

large part of the difference between model and full scale test

results inaybe attritiutedto these fittings.

Introduction

The dzag of airplane fuselages is usually found from tests

on carefully polished models without surface irregularities or,

at most, with idealized outlines of the engine, cockpit, and

. . ... . .-. .--—..—--- .-. -.



N.A.C.A. Technical Note No. 290 2
.

pilotls head. It is evident to the nest casual observer that ac-
9

tual airplane fuselages are dotted with cowl fittings, step

plates, wire and strut fittings, screw heads and bolts which,-in

the aggregate, co%-era not inconsiderable portion of the surface.

Inasmuch as the drag of a streamline body is largely due to the

friction of the air on the surface, one may suriflisethat a co~sid-

erable discrepancy may exist between smooth model drag and actual

rough airplane fuselage drag. This discrepancy is often over-

looked because the increase in drag due to the surface irregulari-

ties present on the airplae but usually omitted from models, is

●
about equal to the decrease in drag due to the increased scale of

the airplae
●

whether this

\ ing fittings

over that of the model. With a view to determining

differei~ceof drag could be attributed to the protrud-

and surface irregularities of the full size fuselage,

and also to throw light on the magnitude and distribution of these

●

drag effects, tests wexe made on small parts. Some were taken

from a l[Messengerllfuselage, and others were duplicates of paxts

found there. These tests were made in the six-inch, open-throat

wind tunnel of the National Advisory Committee for Aeronautics,

at Langley Field, Virginia.

Apparatus

1. The Six–Inch Wind Tunnel:

The six-inch, open-throat wind tunnel, which was used for

these tests, is shown in Figures 1 and 2, and described in Refer-

ence 1. The balance shown diagrammatically in Figure 1 consists
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of a floor plate (A) suspended.from a fixed frame by small
G

wires (B). The drag is taken by a horizontal wire (C) running

forward to a ring (D). From the ring a wire (E) runs downward

at an angle of 45° to a fixed support and a vertical wire (F)

is carried up to the beam of an ordinary chemical balance (s]

on the top of the tunnel. The balance is sensitive to about 1/2

gram.

2. Mounting Surface:

In order to simulate the surface of a fuselage on which the

fittings are normally foiuid,a flat plate (G) 9 inches by 16

inches by 3/32 inch with rounded leading edge (16 inches long)

and sharpened trailing edge was prepared. This was mounted at
.

the center of the air stream with its leading edge 1 inch back of
.

i the edge of the-entrance cone. This plate was supported by four

struts (~) from the balance floor well outside the air stream.

The struts were slotted and held in place with thumb screws. By

adjusting the leading edge -Jpor down the flat plate was fixed

parallel to the air stream as determined by the minimum drag

reading on the balance. All parts tested were

center on this plate. They were held together

mounted near the

and to the piatie

with small screws

3. Test Pieces:
●

The fittings

. we~e removed.from

and balsam cenent.

tes-.edaxe shown in Figures 3, 4 and 5. Some

the fuselage itself. Others were measured and

duplicates were nade of aluminum. Four ~lat.plates of differegt
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thickness and a thin plate with four kinds of screws and wash-.

ers protruding, while not found on the airplane, were tested to

determine the nature of the resistance of this type of protuber-

ance. Some fittings, it will be noted, are combinations of oth-

ers so that the effect of adding to a fitting may be determined.

Tests

All tests were conducted at air spee~s of 50, 75, and 100

miles per hour. The drag of the mounting was first measured

alone at these three speeds. The drag was then measured with

fittings in place on the plate. Check zeros wexe made from time .-

to time.
●

No difficulty was experienced in securing the desired

speed as a steady and smooth flow had been well established and
s

the manometer calibrated in previous tefits.

Results

By subtracting the drag of the mounting plate from that of

the fitting and mounting plate toget”her,the drag of the fitting

in the presence of t’neplate was obtained. The results indicated

that the drag depended in an irregular manner, not only on tke

projected area but on the surface area and relation of the parts.

For this reason no attempt was made to reduce the data to square
f

feet of projected area or surface.

.
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All data was reduced to the coefficient D/q

b where D = net’drag in pounds

q = dynamic pressure = ~ P V2

5

P = mass density of the air

v= velocity in feet per second.

Values of net drag and D/q are given in Table 1. From this data

the drag of any fitting at ahy speed may be found by multiplying

the coefficient by the d-ynamicpressure corresponding to that

speed~ For cowl fastening No. 5 and moulding strip No. 13 coeffi-

cients have been computed for 1 ft. length. The drag of each fit-

ting in pounds at 100 miles per hour has been g;ven in Figures

3, 4, and 5 as an aid to designers.

. By counting the number of fittings of?each type, multiplying

by the drag
h

drag of all

4.88 lb. ,at

of the bare

of one fitting and summing up these values, the total

fittings for the ‘Ulesseu.gerufuselage was found to be -.

75 miles per hour. This is 34.8 per cent of the drag

closed-in fuselage~ Thi6 percentage is computed from .

test results given in Reference 2.

Analysis of Results

The thin plates and parts with a small dimension perpendicu-

lar to the mounting surface ~how a negligibly small bag. When,

however,. bolts or screws with heads protruding axe used to mount

them a comparatively large drag results due to the disturbance.
.

caused in the rear of the bolt head6 and to the increase in veloc-
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ity as distance from the plate is increased. As the thickness in-
.

creases and more of the fitting protrudes above the surface, an

eddy builds up around the edge and its influence is felt on sur-

faces to the rear. (This condition obtains for Wing Fitting No. $,

for example.) Such parts as must protrude should be well stream–

lined. For example, the low drag of the step plate No. 11 may be

noted. No account is here taken of the curvature of the surface

of the fuselage or of the position of fittings on it. It is prob-

able that one part will blanket another and that the velocity will

vary over different parts of the fuselage,

The change in value of D/q with velocity shows the exist-

ence of a scale effect. D/q does not always decrease with in-
,

creasing speed, although it does for the well streamlined shapes.

n No definite rule for finding the drag of fittings can be

given as there are wide variations for different.shapes. There is,

however, enough variety to enable one to select a coefficient ap-

proximating closely the true coefficient for any particular fit-

t ing.

Conclusions

The drag of plates axd fittings close to a fuselage surface

is small, but increases rapidly as the fitting projects farther

from the surface. Efforts should be made to keep all fittings#

close to “thesurface and to streamline those which must project,
.

Although laudable attempts have been made to eliminate sur-

face irregularities and e~osed fittings on modern airplanes, fur-
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ther tests should be made to determine the drag of fittings still

“ used. These should be made with large or full scale fuselageS SO

t~at parts can be more easily duplicated and the drag determined

with them placed in their proper positions. The res~fltsof the

4 present test, however, indicate the general nature of the effects.

Lsngley Field, Vs.,

December 19, 1927.
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TABLE I.
● Part

270●
and

Test
Ko.

1.

29

3.

4.

1.

2.

3.

4.

5.

5-A

5-B

5.

6-A
●

6-B
.

6-C

Remarks

Yhort side p=rallel
to the air stream

~hort side paxallel
to t;leair stream

Short side parallel
to the aiz ~tream

Short side p“hrallel
to the air stream

Long side parallel
to the air stream

Long side parallel
to the air stream

Long side parallel
to the ai~ stream

Long side parallel
to the air stream

Short side parallel
to the air stream

Long side parallel
to the air stream

Long side pqrallel
to air stream
with rod up

?lat plate

!Jo.S with lug added

!?0.6with hex. nuts
added

~c).~ with lug and
one nut

50 M.P.H.
73.4 f%elsec.

+

lTet
drag D/q
gralzs

18 .00621-

12 ● 00414

I

‘2 I

I

.00069(

8“ .00276

5 ● 00172

3 I , rJolo3

I
-3- -.00034

i.
8 .00276

2 .00069

3 1.00103

,- 1 .-.0003/
I

z \.00069

3.5 ● 00122

75 M.P.H.
L1O ft./see.
tet
irag
~r~~--—
37.5

24.5

12.5

3.5

15.5

11.5

5.5

1.5

16.5
I

5*5

3.5

●5

,2.5

4.5

8.5

D/q

.00575

.00375

.00191

e00054

.00238

000176

.00084

.00023

.00253

e00054

.0G054

.00008

.00038

.00069

.00130

100 M.P.H.
L46.7 ft./see.
Iet
bag
~r~s

63.5

45.5

24.5

?.5

29.5

1905

13..5

.5

32.5

4.5

7.5

95

6.5

9.5

1705

D/q

.00547

.00392

● 00211

.00065

.00254

● 00168

..00116

.00043

.00280

● 00039

.00065

.00004

.00056

.00082

.00151
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Part
No.

. and
Test
1?0●

6-D

6-E

6-F

.,, 7.

8.

8-A

9

10

, 1O-A

, 11.

12.

12-A

1 3-A

13-B

14.

15.
,

Remarks

No. 6 turned SOO

No. 6-D with hex.
nuts
No. 6-D with lug

2 lugs 1 dia. apart

Flat plate

No.8 with lug &
hex. nuts added

Wing root fitting

Short side parallel
to the air stream

Long side parallel
to the air stresrn

Step plate

Gear cover 45° open
side to the front

12-A 45° closed
side to the front

Mculding strip with
round head “screws

13 with hex. head
nuts
Plate with trailing
edge raised, gap
left open

No.1 with 3–#8
round head machine
screws & 2 washers

TABLE I (Cont.)

50 M.P.H.
73.4 ft./see
Net
drag
grams

3

2

3

0

4

25

10

9

5

115

3

5

5

3

D/q

● 00034

● 00103

.00069

.00103

.00138

.00862

.00345

,00310

● 00172

.0396

● Ozoy

● 00103

.00172

.ooly2

.00103

VK w - --
(UJJL

lio f“
tiet
drag
grams

2.5

5.5

2.5

4.5

.5

9.5

57.5

19.5

ly.5

10.5

232.5

129.5

5.5

9.5

10.5

6.5

F,Hs
./see.

D/q

.00038

.00084

.00038

.00069

● Ooooy

.00145

.00881

.00299

,00268

.00161

.0356

.0198

.00084

,00145

.00161

,00100

9

100 M.P.H.
146.7
Net
drag
grams

3.5

9,5

7.5

10.5

1.5

16.5

102 ● 5

40.5

37.5

217● 5

9.5

1505

12.5

15.5

t./sec.

D/q

*00030

.00082

.00065

.00091

.00013

.00142

,00883

.00349

.00323

.00159

.0366~

.0187

.00082

.00133

.00108

.00133

.
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TABLE I (Cont.

Part
. No.

and
Test
No.

16.

17.

180
.

19.

13-a
,

13-1
*

5.

5-A

5-E

Remarks

No.1 with 3-#10
round-head machine
screws & 2 washers

No.1 with 3-#12
round-head machine
screws & 2 washers

No.1 with 3-#10
machine screws pro-
truding above hex.
nut & washer

NQ.1 with 3 hex.
nuts

Drag for 1 foot
length

Drag for 1 foot
length,

Drag for 1 foot
length

Drag for 1 foot
length

Drag for 1 foot
length

Mounting plate

50 M.P.H.
73.4 :
Net
drag
grams

7

8

10

6

9

15

15

*

D/q

.00241

.00276

.00345

.00207

● 00309

.00516

.00736

.00;84

.002~5

75 M.P.H.
110 ft
Net
drag
grams

9.5

12.5

19.5

1105

16.5

28.!5

32.5

L.&Q5-
D/q
.

.00145

.00191

.00299

.00176

.00253

● 00435

.00675

.00144

.00144

100 M.P;H.
146.7 ft./see.
Net
drag
grams

17.5

19.5

32.5

20.5

28.5

46.5

52.5

D/q

● 00151

● 00168

.00280

.00177 #

.00245

● 00399

.00747

.00104

.00173
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Fi~.1 Sketch of lJ.A.C.A. six inch wind tunnel balsnce and mounting pla.te~
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Fig.2. N.A.C.A. six imh wind tunnel.
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